Reconstituted biosynthesis of the nonribosomal macrolactone antibiotic valinomycin in Escherichia coli.
The structural complexity of nonribosomal peptides (NRPs) impeding economic chemical synthesis and poor cultivability of source organisms limits the development of bioprocesses for novel bioactive compounds. Since nonribosomal peptide synthetases (NRPSs) assemble NRPs from simple amino acid building blocks, heterologous expression of NRPSs in a robust and easy to manipulate expression host is an attractive strategy to make pharmaceutically relevant NRPs more accessible and is also a basis for engineering of these enzymes to generate novel synthetic bioactive compounds. Here we show a systematic approach for the heterologous expression of the 654 kDa heterodimeric valinomycin synthetase (VlmSyn) from Streptomyces tsusimaensis in a soluble and active form in Escherichia coli. VlmSyn activity and precursor requirements were determined in vitro and provided evidence for a previously proposed model of valinomycin biosynthesis. In vivo production of recombinant valinomycin, a macrolactone antibiotic with reported antifungal, antibacterial, and antiviral activities, was achieved using an engineered E. coli strain growing in inexpensive media and independent of the supplementation with precursors and further optimization of the cultivation conditions. Tailoring of VlmSyn in E. coli paves the way to the production of novel valinomycin analogues in the future.